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[List continued on cover page iii] The sequence of flows described above is fllustrated in figure 3 , which shows the discharge curve obtained in the laboratory for a bathtub.
When a fixture discharges through a P-trap, such as is shown in figure 1, as the flow nears its end, the inertia of the water moving in the trap tends to carry the water out of the trap into the drain.
This effect will be the more pronounced the more abruptly the flow ceases and the greater the rate of flow just prior to its cessation. The result is to decrease the remaining trap Tests on the siphonage of fixture traps were made as early as 1880 [3] , but no record of investigations of self-siphonage at such an early date has been found. Perhaps the most systematic investigation of the subject was made by Hunter in 1924 [4] Hunter [4, Dawson and Kalinske [5] have reported a series of tests on the relative merits as regards selfsiphonage of P traps and deep-seal traps, but it was not their purpose to determine permissible unvented lengths of fixture drains, and none were reported.
Babbitt [6, 7] In an actual system, however, the pressure in the drain will fluctuate above and below the atmospheric pressure in the down pipe, so that sometimes there will be a pressure reduction in the draia. Under these conditions the water level in the inlet leg of the trap will be pulled down below the level of the trap weir, possibly as far as is shown in figure 6 , B, while water wUl flow out of the outlet leg over the trap weir and will thus be lost. If a succession of such pressure reductions takes place, the losses wiU, of course, not be additive, but will correspond to the largest pressure reduction that has occurred. Figure 6 in figure 6 , B, is a special one that will receive consideration later in this report.
After a pressure reduction in the drain, when the water levels in the two legs of the trap again equalize, the condition will be as shown in figure  6 , C. Another way in which partial or complete refill of a trap can occur is encountered when a bathtub trap and drain connect to a wet vent. This phenomenon has been described elsewhere [2] and will not be discussed here.
With The first group includes the l)^-inch adjustable cast-brass trap shown in figure 7 , the l}^-inch drawn-brass-tubing trap shown in figure 8 , the l}^-inch cast-brass trap shown in figm-e 9, and the l}^-inch drawn-brass-tubing trap shown in figure   10 .
The other trap, the l}{-inch cast-brass trap shown in figure 11 , will be considered in another manner.
The basis for dividing these traps into the above groups is: with the first group of four traps, the radius of curvature of the U-bend is nearly the same as the radius of the outlet bend. By making the assumption that these two radii are equal, a considerable simplification in the computations results, as will appear in the analysis to be given.
The fifth trap, which is considered separately, has a very small radius of curvature of the outlet bend and a fairly large radius of curvature for the U-bend. It will be assumed m the computations relating to this trap that the outlet leg is cylindrical from the downstream end of the U-bend to the level of the trap weir.
It then becomes necessary to compute the volume of water in the U-bend of the trap from the upstream end of the U-bend to the level of the dip of the trap. This is a somewhat tedious process.
The following applies to the foiu-traps shown in figures 7 to 10, inclusive, see figure 12: Figure 9 . 1%-inch cast-brass trap. l%-i%2-i}^2 = % inch=0.875 mch. {%)n + ')i2 =^%2 inch= 0.782. Then /i,= 1.697/2 + 2^^2 = lV64inches= 1.641 inches.
PA inch cast brass trap {see Jig. 11).
In computing the critical trap-seal loss for this trap, it was assumed that the outlet leg is cylindrical from the downstream end of the U-bend to the level of the trap weir. Then (see fig. 12 [8, 9, being written up finally that time could be taken to make an adequate analysis of the problem. As a result, the tests were not designed to get the maximum amount of information from them. However, it will probably be clearer if we consider the individual parts of the system in doing this, discussing each of the dimensionless variables that apply to that part of the system before passing on to the next part of the system. When the system shown in figure 15 was used, there was virtually no trail discharge. In the usual discbarge of a fixture we have, at the end of the discharge, a condition that is called "trail discharge" and described in section 2. As the discharge from the fixture nears its end, the rate of discharge decreases rapidly (see fig. 3 fitting than through a long-turn fitting, thus producing pressure reductions in the drain.
The two traps selected for the tests were chosen after preliminary tests had shown that they gave larger trap-seal losses than other representative P-traps of the same diameters which were on hand. Therefore system is ordinarily designed so that the positive or negative pressures in the system do not exceed 1 inch of water, the use of a remaining trap seal of 1 inch as a design criterion provides a safety factor of 2, since a pressure 2 inches of water in excess of atmospheric pressure in the drain will be required to force sewer gas through the trap into the building. It has been argued in the past that such a safety factor is necessary to provide, among other things, for corrosion and fouling of fixture drains, which Hunter [4] has reported will cause increased trap-seal losses. It is believed that the safety factor thus provided is ample to take care of the possible increased trap-seal losses caused by corrosion or fouling. • Trap sho-nm in figure 7 . • Trap shown in figure 7. di=l^.i6 inches.
O Trap shown in figure 8 . di=llri inches. # Trap shown in figure 9 . di=lli inches.
The italicized values in the table indicate the particular trap and other conditions that yield the longest permissible unvented length of drain. It will be noted that, "with one exception, regardless of the criterion used, the trap having the largest internal diameter is the best of the three. This is a rather surprising result, since it might have been expected that the trap with the largest depth of seal would have given the longest per- As has been stated previously, a straight-tee vent fitting was used on some of the no-traU discharge tests. Inasmuch as the relatively long depressed upper lip of the long-turn fitting has been shown to cause substantially greater losses than the straight-tee fitting, it might be expected that the small upper lip of the short-turn vent fitting would also yield greater trap-seal losses than the straight-tee fitting. However, tests made with both Iji-and iK-inch diameter lavatory drains [13] indicated that there was no significant difference between the two fittings in this respect, and it may be concluded that no improvement in self-siphonage characteristics would be obtained by increasing the radius of ciu-vature of the upper lip of the short-turn vent fitting.
It is weU known that the long-turn vent fitting is more effective in introducing water from a horizontal branch into a stack than is the shortturn fitting, because the former turns the water downward more than does the latter. On the other hand, the short-turn fitting has better selfsiphonage characteristics than does the long-tmn fitting.
Thus the characteristics of these two fittings are contradictory in these two respects. It is possible that the advantages of the two fittings could be combined in a new type of fitting in which the lower half of the cross section followed the form of the long-turn fitting, while the upper half foUowed the form of the straight tee fitting. figure 20 shows that with the l}^-inch cast-brass trap and l}^-inch drain, if the fixture flow is not greater than about 9 In recent years the customary size of outlet orifice of the lavatory has been increased from 1)8 to 1/4 inches. This has resulted in an increase in the rate of flow from the fixture. In 1924 Hunter [4] concluded from a series of laboratory experunents that the average rate of flow from a lavatory was 7.5 These facts are significant, and they immediately raise the question of whether the decreased [14] summarizes the characteristics of an effective The siphon action occurring in the water closet trap is "self-siphonage" in the commonly accepted meaning of the term, since it is caused by the discharge of the particular fixture connected to the trap in question, and it differs in no way from the self-siphonage of a lavatory, for example, except that in the case of the water closet the fixture trap is designed so that self-siphonage occurs during each flush of the fixture, no matter how short the drain is made, while for the lava- 
